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Récemment, le contrôle en temps réel (CTR) de systèmes de drainage urbain a été l’objet de 
beaucoup d’intérêt. La recommandation allemande DWA M180 facilite la planification et la mise en 
œuvre de systèmes CTR. Cet article illustre l’application de la phase 2 (analyse préliminaire) de 
cette procédure pour le système d’assainissement de Reutlingen dans le sud-ouest de 
l’Allemagne.  Divers algorithmes CTR ont été développés et évalués au moyen du langage de 
commande « IEC61131 Structured Text ».  Il faut considérer, en tant que condition limite 
spécifique, les eaux réceptrices avec différents degrés de sensibilité, ce qui conduit à l’inclusion 
des aspects liés à la pollution dans la modélisation et la spécification des objectifs de contrôle, et à 
la priorisation des structures de surverse. Les résultats indiquent un potentiel de CTR pour le 
réseau considéré, avec une réduction de 27% des rejets polluants dans les eaux réceptrices les 
plus sensibles (17% de réduction totale des rejets polluants). L’utilisation du langage de contrôle 
flexible IEC61131 s’est révélée très utile pour la mise en œuvre pratique de l’algorithme CTR.  
 
MOTS CLÉS 





Real time control (RTC) of urban drainage system has been recently attracting increasing interest. 
The German DWA M180 guideline document provides useful assistance in planning and 
implementing RTC systems. This paper illustrates the application of Step 2 (Preliminary analysis) 
of this procedure for the sewer system in Reutlingen, South West Germany. Assisted by simulation, 
using the IEC61131 Structured Text control language, various RTC algorithms are developed and 
assessed. As particular boundary condition, receiving waters of different degrees of sensitivity are 
to be considered, thus leading to the inclusion of pollution aspects in modelling and control 
objective specification and to a prioritisation of overflow structures. Results are indicating potential 
of RTC for the given network, with the pollution discharges to the most sensitive water body being 
reduced by 27% (overall reduction of pollution discharges of 17 %). The use of the flexible 
IEC61131 control language was proved to be very useful and is beneficial for practical 
implementation of the RTC algorithm. 
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1 INTRODUCTION  
Real time control of urban drainage systems has been suggested and implemented for some time 
by now (Schilling, 1989; Schütze et al., 2004). However, recently, increased interest can be 
observed in this approach to utilise existing (costly) infrastructure in a dynamic way and thus 
increase the system’s flexibility, resilience against and preparedness for rainfall runoff events.  
In order to encourage a wider uptake of RTC, the RTC working group of the German Water 
Association (DWA) has published a guideline document (DWA, 2005; summarised in Schütze et 
al., 2008), suggesting a procedure for the setup of RTC systems. Also additional material (PASST - 
Planning system for sewer system control; and a free demonstration software) have been 
developed to further promote RTC application (Messmer et al., 2008). 
 
As a core element of the assessment of a sewer system’s RTC potential, a preliminary simulation 
study is suggested in the DWA procedure. This paper illustrates such a study for the sewer network 
of Reutlingen-West in the South West of Germany. Furthermore, it is outlined how RTC strategies 
are developed and put under test for this real-life sewer system. As discharges affect several 
receiving water bodies with different sensitivity to CSO impacts, the set-up and evaluation of RTC 
strategies takes also pollution characteristics into account. 
2 REAL TIME CONTROL IN REUTLINGEN-WEST 
As a means to improve receiving water protection, the Reutlingen Municipal Sewage Company is 
planning to implement a new wastewater discharge concept of its two networks (Reutlingen-West 
and Reutlingen-North) and its two wastewater treatment plants. As a core element of this strategy, 









The Reutlingen-West subsystem (being the focus of this paper) has a WWTP with 140000 PE, with 
its maximum inflow rate amounting to 1200 l/s. The system has 12 CSO structures, discharging 
into five different receiving water bodies, two of which have been classified as particularly sensitive 
water bodies (Breitenbach and Fürstbach creeks). Figure 1 illustrates the setup of the following: 
 Step 1: Initial considerations 
This also involves a crude check using a point-scoring table (Erbe et al.,, 2007) 
 Step 2: Preliminary analysis 
This step consists (among others) in compilation of information about the system, and the setup 
and utilisation of a (simplified) model to establish RTC potential 
 Step 3: Detailed planning of the RTC system and its implementation 
If the preceding steps indicated RTC potential, in this step a more detailed RTC algorithm is 
developed and tested using more detailed (usually, hydrodynamic flow models). Provisions are 
also to be made for failure scenarios. 
 Step 4: Implementation of the RTC system 
 
Erbe et al. (2007) illustrate the application of Step 1 for the Reutlingen-North system; hence a 
description of that step is not repeated here. Also for the Reutlingen-West system, the initial 
considerations resulted in high RTC potential (score of 44 in the PASST scoring table). Therefore, 
Step 2 of the DWA procedure is entered, aiming at assessing the RTC potential in detail and also 
in determining the main parts of a promising RTC algorithm. This step involves simulation 
modelling of the network under consideration. Fortunately, a simulation model was available from 
previous studies of this network. The model already available is a hydrological model, modelling 
rainfall-runoff by hydrological modelling approaches and transport by means of reservoir cascades. 
As a typical pollution-load model it models pollution (in terms of COD) by complete mixing and 
simple sedimentation processes. The availability of such models for a given network is almost 
standard in Germany, with several simulation packages being available for this task, as the 
estimation of COD discharge loads is inherent to German design standards. 
However, as RTC strategies are to be analysed in detail, the model has been rebuilt within the 
SIMBA simulation environment (which was a straightforward procedure), and confirmed by model 
result comparisons of both model implementations. Therefore, the flexible and convenient options 
of description of RTC algorithms within SIMBA (ifak, 2008; Schütze, 2008), including those 
provided by Matlab/Simulink as well, could be utilised, giving full flexibility in the definition and 
description of control algorithms. 
Figure 2 illustrates the implementation of the system within SIMBA. It shows the main structures 
(tanks and CSOs) of the sewer network of the Reutlingen-North system. It should be noted, 
however, that some some parts of town, including their storage tanks and overflow structures, are 
represented in subsystems (shown as rectangles on the left hand side), which, in turn, are 
constituted by modelling modules of sewer catchments, tanks and overflow structures. Overall, the 






Figure 2. Simulation model of Reutlingen-West in SIMBA 
 
Among the core questions arising for such a system is the following: How many (and which) 
storage and overflow structures should be integrated in a RTC algorithm, i.e. which ones would be 
the most efficient ones for achieving the objectives? Detailed initial considerations, comparing 
distribution of storage volume, of catchment area and of specific discharge loads, and relating them 
to the receiving water bodies resulted in the inclusion of Storage tanks 03, 30, 44, 50 and 63 in the 
subsequent considerations for setting up an RTC algorithm (Haas, 2009). The overflow structures 
of storage tanks 03 and 50 are discharging to particularly sensitive creeks, therefore, overflows at 
these locations should be reduced in particular. Naturally, the selection step of the structures to be 
included in a prospective RTC algorithm could also be supported by simulation runs.   
 
As rainfall input, a historic 30-years rainfall series was available and was used for the simulation 
exercise. In order to consider also effects of non-uniform rainfall distribution over the urban 
catchment and, due to lack of rainfall data from additional rain gauges, a synthetic rainfall series 
has been derived (Brommundt and Bárdossy, 2008) and used as a rainfall input from a second 
(thus, hypothetical) gauge. 
 
3 CONTROL ALGORITHMS 
The first step of assessing the control potential using a simulation model consists of defining and 
simulating the base case (reference scenario), i.e. the current state of the system. For this 
scenario, here constant maximum throttle flows (thus, local control attaining certain maximum flow 
rates at the throttle devices) are assumed. This also corresponds to system simulation according to 
German design practice. Secondly, the theoretical optimum (with regard to reduction of overflow 
volumes) can easily be assessed, applying the Central Basin Approach according to Einfalt and 
Stölting (2002). For the given system and for the given (30-year) rainfall series, the theoretical 
optimum amounts to 44.1 %. It should be noted, however, that this is a theoretical value (upper 
bound) of the gains achievable by RTC. The calculation of this value does not consider important 
effects such as flow times within the system; therefore it is unlikely to be attained in practice. 
However, it is a very useful estimate, as no RTC algorithm (however sophisticated it may be) can 
yield results with higher reduction of overflow volumes. Performing calculation step suggested by 
the M180 document, at the beginning of an RTC study ensures that no unnecessary effort will be 
spent on optimising a control algorithm which is already near optimum.  
 
After having set the “scene”, control algorithms have to be developed, tested and refined. Here the 
approaches of the setup of a rule-based (control program) and a general RTC controller concept 






As first option (“RTC1”) a control program, based on a set of simple main strategies, has been set 
up. This is based on the principles of increasing throttle flows of tanks with higher filling degree if 
feasible, whilst considering an order of priority of structures. Tanks in series are considered in a 
specific way. Setting up this algorithm consisted in a tedious and time-consuming task, even 
though the set of 243 different system states could be summarised in a sophisticated control 
program. Figure 3 shows an excerpt of this control program, which has been implemented in the 
IEC 61131 Structured Text control language. As this notation is also international standard for 
implementation of control systems, use of this standard also in the simulation ensures that later 




(* Control rule (c): Two or more tanks nonempty *) 
IF hsum >= 2 THEN    
   (* Increase of throttle flow, first for tanks with higher filling *) 
 
      (* Search according to priority order *)  
      FOR ibx:=1 TO nbecken BY 1 DO 
         IF IV[ibx]>=2 THEN  (* Tanks with high levels *) 
            IF ID[ibx] < 3 THEN                (* Calculation of sum of throttle flows *) 
               summeqd := 0; 
               FOR ibxx:=1 TO nbecken BY 1 DO 
                  i000      := ID[ibxx]; 
                  QD[ibxx]  := qmatrix[ibxx,i000]; 
                  summeqd := summeqd + QD[ibxx]; 
               END_FOR; 
               summeqd := summeqd - QD[5];   
               i000:=ID[ibx]; 
               IF summeqd+(qmatrix[ibx,i000+1] - qmatrix[ibx,i000]) <= 779 THEN (* Increase is permissible *) 
                  ID[ibx] := ID[ibx]+1;       (* Increase of throttle flow *) *)    
               END_IF; 
            END_IF; 
         END_IF; 
      END_FOR; 
…  
 
Figure 3. Control algorithm “RTC1” (Extract) expressed in IEC61131 Structured Text 
 
As second option (“RTC2”), a general RTC controller, based on the principle of multivariate-
controllers aiming at uniform (equal) utilisation of the existing storage volumes within the system, 
has been implemented. Set up of this controller and configuration to the particular sewer network is 
an easy and rather straightforward process, resulting in a good-performance RTC algorithm within 
short development time. The principles of this controller are detailed in Alex et al. (2008), a 
practical application described by Pabst et al. (2009).  As the set-up of this controller can be done 
in short time, it is also useful for use within the preliminary study according to the M180 guideline. 
 
Figure 4 shows the total overflow volumes of the various control scenarios, whilst Figure 5 
indicates the corresponding overflow loads of COD. From Figure 4, it can be seen that the two RTC 
algorithms discussed result in remarkable reduction of overflow volumes and loads. However, the 
reduction of overflow volumes and loads achieved for the two algorithms does not differ 
significantly, particularly when considering the inherent uncertainties in any modelling exercise. 
However, the two algorithms differ significantly in the effort necessary for their development. In 
both cases, the theoretical optimum is not reached; however, this value is a theoretical value, 
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Figure 5. overflow loads 
 
As different receiving water bodies have different sensitivity, it is also important to analyse the 
discharges of the individual overflow structures. Hence, Figure 6 shows the overflow loads for each 
of the main overflow structures of the system in the simulated period of 30 years. It can be noted 
that, whilst the algorithm RTC2 yields better values in terms of overall pollution discharge 
(reduction of overall pollution load by 20.3 %), algorithm RTC1 results in less overflow discharges 
into the most sensitive receiving water bodies. Further analysis of the results, also with regard to 
variability between individual years of the 30-years-timeseries, is now easily possible. 
 
Overall, it can be seen that, for the given case study and for the given objectives, both algorithms 
are promising, with RTC1 resulting in less discharges into the most sensitive water bodies 
(reduction of pollution load discharges into the sensitive Fürstbach and Breitenbach creeks by 27.3 
% [RTC1] and 12.6 % [RTC2]). However, also RTC2 – as it could be set up quickly – will be further 
improved. The algorithms are now being fine-tuned and are considered in the subsequent planning 
steps (including also detailed studies, including also failure scenarios, and the preparation of 
implementation) of Reutlingen Sewage company. 
 
The DWA M180 recommends to compare RTC also with alternative solution approaches, e.g. 
construction of large static volumes; disconnection of areas, etc., in order to arrive at an overall, 
non-biased solution. An analysis of such static measures for the Reutlingen-West catchment yields 
in the conclusion that, in order to achieve a reduction of discharge loads as achievable by RTC by 
construction of additional static storage volume, this would entail costs of about EUR 1800000. 










































As overall summary, it could be shown that for the Reutlingen-West catchment, RTC represents a 
beneficial option for increased protection of receiving water bodies. Application of the DWA M180 
procedure allowed the quick assessment of the RTC potential. Simulation of various RTC 
algorithms allowed to assess their impact on reduction of discharges. Prioritisation of discharge 
locations helped to particularly minimise discharges to more sensitive receiving water bodies. As 
compared to static measures (construction/extension of storage volumes), RTC results to be not 
only the more cost-efficient, but also the more flexible alternative. 
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